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Fig. 1. (a) Initial and (b) deformed Functionally Graded (FG) temperature-sensitive hydrogel beam
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 Table 1. Material parameters of temperature-responsive
hydrogel related to the constitutive model [33] t

A A 1 KB 1 KB

 

3594 3583



3587

r X r X

mix i B i
i

B

W T NK T Log

A BTk T
v

A BT

iiii T LogBBNK TB LLLLLoLL
i

A BT
i

A BT

A BTA BA B

ii
iiiiii

i
i

i

W i
Ji J

WW
J
ii iW iW

iii
ii

for

i
i

B i i

i i

P v X X
Nv

k T J
X

J J
i J

iii J

i iJ Jiii J

X X
Nv

J

X XX XX

iiii
ii

B
XXX

J
J

i

B

r

N r r N r r
LBT r r L
LA r r LA r rL

k T r r L r r L r r
L A r r L BT r r

LBT r r

 -

 

B

t

N r r N L r r
L B r r L A r r L

L BT r r L A r r
k T r r L L A r r L r r

L BT r r L r r

r rX
r X r
r XXXXX

r
rr

r XXXXX

d
d

d

H r X
X X

X
d

d

H r
Xdd

dr
XX

d
d

d

H r X
r X X X

X
dr

XX
H

r X XX

C r C r C r C r C r C r

B L r T B L r TrC
L A L r L r A L r

LN r r LN r r L r

r B L r T A L r T L r
L

C Lr Nv

C N r L N r L

LrB L r T B L r T Nv
C L

A L r L r A L r

C B L rT A L r L r L

C L

3594 3583



3588

( )N N X

BNv TNv

1  Lobatto IIIa formula

 -

U(1)

/ mL /TNv /BNv / J KBk e
3mv e / mH

/ , / , /Nv

B T BNv X Nv Nv Nv X HB T BNv Nv Nv XB T BT

r rX X Hr X r X H

3594 3583



3589

ABAQUS
Fig. 2. Bending of FG hydrogel strip sensitive to temperature in initial and deformed states simulated in ABAQUS

 Fig. 3. Swelling ratio results related to free-swelling of
temperature-sensitive hydrogel [24]t Fig. 4. Cross-linked polymer values by passing through

thickness of hydrogel layer
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 Fig. 5. The radius of FG hydrogel by altering the temperature
from 320 to 288 K in along thickness

b a
Fig. 6. (a) radial and (b) hoop stresses of FG hydrogel by variation of temperature from 320 to 288 K

3594 3583



3591

/ mH

/ e / e

[1] S. Cai, Z. Suo, Mechanics and chemical
thermodynamics of phase transition in 
temperature-sensitive hydrogels, Journal of the 
Mechanics Physics of Solids, 59(11) (2011) 
2259-2278.

[2] S.A. Chester, L. Anand, A thermo-mechanically

X

L
r

r

Bk

Nv

: , , ,A A B B

: r
:
: z

b a
Fig. 7. Bending (a) angle and (b) curvature of FG hydrogel by altering temperature from 320 to 288 K
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